The use of radioactive iodine as an indicator in thyroid physiology has been described by Hertz, Roberts and Evans (1) and by Hertz, Roberts, Means and Evans (2, 3). Hamilton and Soley (4) have published data obtained by the use of radioactive iodine on goiter patients of several types.
The use of radioactive iodine as an indicator in thyroid physiology has been described by Hertz, Roberts and Evans (1) and by Hertz, Roberts, Means and Evans (2, 3) . Hamilton The procedure for each uniodinized patient was as follows: The basal metabolic rate was determined after a preliminary period of bed rest. Labelled iodine was then administered by mouth, and urines were collected in 12 cases. The uptake of labelled iodine by the thyroid was measured for 13 patients at various times after administration of the labelled iodine by means of an externally placed Geiger-Muller counter. No further iodine was given until these external measurements indicated that the thyroid iodine level had reached a relatively constant value. At this time routine iodinization (minims 5 saturated solution of KI, twice daily) was begun. When maximal metabolic and clinical response had been reached 6 to 10 days later, 19 patients were subtotally thyroidectomized and an estimate of the residual thyroid tissue was made. A small portion of the excised gland was reserved for histologic study, and the remainder was fractionated chemically. The two fractions obtained, which we call "T" and "D" according to the notation of Salter (6) , represent the thyroxine-like and diiodotyrosine-like fractions of the thyroid iodine. These fractions were assayed for both ordinary (total) iodine content and for labelled iodine.
The labelled iodine excreted in the urine was determined for most patients during the first few days following the administration of labelled iodine. Labelled blood iodine was determined in a few cases.
Cases 1, 2, 3, 4, 5, 9, and 10 received ordinary iodine prior to the administration of the labelled dose. The interval of preiodinization given in Table I is the time between the first dose of ordinary iodine and the dose of labelled iodine. In only one of these cases, Case 10, was the patient totally iodinized by clinical standards before the administration of the labelled dose.
Cases 16 and 28 were normal persons and were, of course, not operated upon. In addition, Cases 15, 17, and 22 were not operated upon for clinical reasons.
The details of individual iodinization procedure are given in Table I . The first clinical experiments were designed to afford data on the thyroid uptake from a labelled dose of iodine at various degrees of iodinization Table II gives the results of the iodine fractionation of the thyroid tissue of the patients operated upon. It should be noted that the total iodine analysis cannot be compared directly with the labelled analysis, since the iodine in question has a different history.
Other results are shown in Figures 1 to 3 . A comparison of those patients who received ordinary iodine prior to the administration of labelled iodine with patients receiving similar doses of labelled iodine without any preiodinization reveals that the completely iodinized patient, Case 10, who received the labelled iodine the day before operation, had collected 2.0 per cent of the 2.5 mgm. labelled dose, in contrast to the almost complete collection at that time by a previously uniodinized patient, e.g., Cases In those cases which were given larger amnounts of labelled iodine the thyroid collection was lower than with small doses, and was correspondingly decreased by preiodinization. small dose is even more striking in Graves' disease than in our earlier experiments on rabbits whose thyroids were made hyperplastic with anterior pituitary thyrotropic hormone (2, 3) . The approximate balance with small doses of administered iodine on the one hand, and initial thyroid iodine plus urinary iodine on the other hand, shows that there is under these conditions no other principal iodine-storing organ. This is in agreement with previously reported analyses of rabbit organs in which the 25-minute isotope was used. With larger doses this balance is incomplete and iodine finds its way to other organs.
The relations between dosage and initial collection appear to be somewhat as follows: The untreated Graves' disease thyroid will collect up to an initial maximum of 80 to 90 per cent of a "small" dose (2 mgm. or less). For slightly larger doses (14 mgm.), this percentage may fall somewhat (4) . If the final amounts found in our own patients at the 14 mgm. dosage level can be extrapolated back to give the initial collection, according to the curve for the small dosages in Figure 2, the conclusion can be drawn that in most patients the initial thyroid iodine collection does not exceed about 5 mgm. from any one dose. This is in agreement with the finding in rabbits that a dosage ceiling can be found above which the absolute collection remains constant (2) . Thus, very large doses give only a small percentage uptake.
The difference in shape between the curves for thyroid iodine uptake in untreated cases and normal persons shows that whereas, in the latter, little if any loss of iodine occurs within the next few days following the administration of iodine; in the untreated cases, which take up large amounts of iodine, there is a definite loss of iodine from the gland during this period. This is of considerable interest, since in these patients we are effectively studying the fate of an amount of iodine similar to what may be encountered in the diet. Thus we see that the thyroid in Graves' disease does not tend to become saturated with iodine by accumulating small amounts, but tends rather to take up this iodine and later to secrete it, perhaps in calorigenic form.
To summarize our picture of the metabolism of a single dose of iodine in Graves' disease, we may take as an example Case 18. This patient was an unmarried woman of 25 showing a basal metabolic rate of + 45, with classic symptoms and physical findings of moderate Graves' disease. Following 4 days' rest in bed, without specific medication, 95 micrograms of labelled iodine were administered orally. The basal metabolic rate remained unchanged by this amount of iodine, and observations of the labelled iodine uptake in the thyroid were made for about 2 weeks. Urine was collected in 12-hour specimens for several days after the administration of the labelled iodine. No other iodine was administered during the period of observation. The results of the external measurements gave a curve by means of which the initial collection was found to be 80 per cent of the administered dose after the curve was normalized by measurements of the excised thyroid. The urinary excretion accounted for 11 per cent. Blood samples were taken on the 3rd and 10th days. Iodine was administered routinely from the 9th day on. The basal metabolic rate showed a response from + 45 to + 25. The patient was operated on the 15th day, and the gland was found to be diffusely hyperplastic, weighing 27 grams. The thyroid was analyzed and the results of the analysis are given in Table II . The total labelled iodine was 25.1 micrograms, of which 62.5 per cent was in the T fraction-an unusually high percentage. The total iodine was 12.6 mgm., of which only 21 per cent was in the T fraction. This conforms to the concept that older iodine is more likely to be in the T fraction than new iodine.
The failure of the 55 per cent of the iodine, which was initially taken up by the thyroid and later released, to appear in the urine means that it is either elsewhere in the body or has been excreted by another route. However, the latter possibility is remote, as indicated by the low blood level, and by Hamilton and Soley's failure ever to observe more than a few per cent in the feces (4) . Thus it appears that this iodine is distributed through tissues other than the thyroid and the blood. Attempts to locate this iodine by means of the external counter met with no success.
It therefore seems likely to us that it is fairly uniformly and diffusely distributed since, if this were the case, the activity would be too weak to be detected. The problem now arises as to whether this iodine is in inorganic or organic combination, and especially as to whether it is in calorigenic form. Results of the analysis of the labelled blood iodine on the 10th day indicate that the major portion of the labelled blood iodine is in protein combination.
SUMMARY
Radioactive iodine was used as a tracer in the study of the metabolism of iodine in Graves' disease. In a series of 22 thyrotoxic patients and 2 normal persons, we have studied the urinary excretion, the thyroid uptake and retention, and the chemical distribution of the thyroid iodine. In agreement with results previously obtained with animals, we find the largest percentage uptakes in the thyroid at low dosage levels. Preiodinization with commonly used clinical dosage causes a decrease in the subsequent thyroid collection of a labelled dose. The hyperplastic thyroid of Graves' disease may collect initially 80 per cent or more from a sufficiently small dose (2 mgm.). Urinary excretion accounts for most of the remaining iodine. Analysis of the thyroid after operation into thyroxine-like and non-thyroxine-like fractions shows a general trend of the labelled iodine to be increasingly in the former fraction as the time following administration increases. Urinary and blood levels of labelled iodine are given.
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